Introduction
Ensuring that the tracheal tube is appropriately sized is important when anaesthetising children. A tracheal tube that is too large may cause airway oedema, ischaemia, ulceration and risks postoperative tracheal stenosis. A tracheal tube that is too small can result in an excessive leak, inadequate ventilation, poor end-tidal gas monitoring and wastage of anaesthetic gases [1] . A tracheal tube that is either too large or too small should be changed to one of a more appropriate size; however, the number of intubation attempts also correlates with increasing risk of airway trauma [2] . A simple and reliable method is therefore needed to guide selection of tracheal tubes in children, to increase the likelihood that the most appropriately-sized tracheal tube is inserted at the first attempt. This is particularly important for personnel who perform tracheal intubations in children infrequently or in emergency situations, when changing the tracheal tube may be undesirable or hazardous.
Despite widespread acknowledgement and extensive data demonstrating that age-based formulae are unreliable [1, 3, 4] , they continue to be recommended as guides to paediatric tracheal tube selection [5] . These include:
Cole formula [6] :
Uncuffed tracheal tube internal diameter ¼ ðage ½years=4Þ þ 4;
Motoyama formula for children aged over 2 years [7] : Various alternative formulae have been suggested as more reliable predictors of tracheal tube size for paediatric patients. These include using height [9] ; weight [10] ;
height and weight combined [11] ; measurement of various other anthropometric values [12] ; and using ultrasound to measure the diameter of the laryngeal inlet [1] .
However, despite apparently offering an improvement on the current age formulae for tube size selection, uptake of these techniques has been limited, perhaps because they lack the simplicity of age-based formulae.
The length of the middle finger has been shown in a previous study to be a useful predictor of correct tracheal tube depth [13] :
tracheal tube depth % 3 Â middle finger length ðcmÞ:
The formula [14] :
tracheal tube length ðcmÞ % 3 Â internal diameter ðmmÞ has also been used as a guide for the depth of the tracheal tube. Based on these two findings, we postulated that the length of the middle finger might also be related to the internal diameter of the tracheal tube, specifically:
tracheal tube internal diameter ðmmÞ % middle finger length ðcmÞ:
We, therefore, decided to conduct an observational study to explore this hypothesis.
Methods
Following approval from our local Research Ethics Committee, the parent or guardian of children aged up to 12 years presenting to our institution for elective proce- 
Results
Allowing for attrition, we initially approached 127 children for inclusion in the study, but because a greater proportion than expected did not require tracheal intubation, we increased the number to 160 children. Fifty-two children were not studied (Fig. 2) . A total of 108 children were included in the final analysis.
We found that, in our institution, the use of uncuffed and because the majority of our patients were in the uncuffed group, we were unable to test our hypothesis using our observational methodology in children who had cuffed tracheal tubes. Therefore, a subsequent analysis was conducted on the 76 children that had an uncuffed tracheal tube.
Since middle finger length is a continuous variable, and tracheal tubes are only available in 0.5 mm ID increments, the length of the middle finger (in cm) was not equal to the tracheal tube internal diameter (in mm). We found that each tracheal tube size was used across a wide age range, as shown in Fig. 6 . The size 3.5 mm ID uncuffed tracheal tube was an exception to this, being used exclusively in young infants. The relationship between uncuffed tracheal tube size and age was curved rather than linear, as shown in Fig. 6 .
Although the size of tracheal tube inserted was at the discretion of the anaesthetist, and not chosen using a specific formula, our middle finger formula shows potential for improving the likelihood of inserting an appropriately-sized uncuffed tracheal tube the first time.
Compared with the Cole and Motoyama formulae, the formula: Figure 1 A photograph demonstrating the method used for measuring the length of the middle finger.
Middle finger length ðcmÞ þ 0:5 ½round to nearest 0:5 ¼ internal diameter ðmmÞ increases the likelihood of choosing an appropriatelysized tracheal tube. However, it is also essential that any proposed formula does not recommend tracheal tubes that are too large, since a tracheal tube that is slightly too small is likely to result in less long-term harm than a tracheal tube that is slightly too large. Therefore, the formula:
Middle finger length ðcmÞ þ ½round up to nearest 0:5 ¼ internal diameter ðmmÞ may offer a better compromise, as shown in Table 1 .
Although the age formulae were poor predictors of actual tracheal tube size used, the rate of tracheal tube changes was low in our cohort. An uncuffed tube was the initial choice tracheal tube in 78 children and 14 changes were made (17.9%), and a cuffed tracheal tube was the initial choice in 30 patients, and 2 changes were made (6.7%).
Discussion
We have demonstrated that middle finger length has the potential to be a better guide for selecting an appropriately-sized tracheal tube in children compared with commonly used age-based formulae. There appears to be a linear relationship between tracheal tube internal diameter and middle finger length for uncuffed tracheal tubes, thus suggesting that a simple formula could relate the two. We suggest the formula: The rate of tracheal tube exchange was low in our cohort of patients, and much lower than would be expected given the apparently poor performance of the age formulae. This finding suggests that anaesthetists at our institution are using other factors such as experience or intuition when choosing a suitable tracheal tube. There is increasing evidence that cuffed tracheal tubes are Our study has several limitations. We have assumed that only a single size of uncuffed tracheal tube is suitable for each patient, but this may not be the case.
We did not specify criteria to define the 'correct' size of tracheal tube; this was at the discretion of the anaesthetist and the decision to change a tracheal tube with a significant leak may have been influenced by multiple other factors, such as type of surgery, duration of surgery or the presence of a throat pack. The proposed formula needs to be tested and validated before it can be considered for wider use. The number of patients included in the study is relatively small, although larger than some recently published similar studies, and is skewed towards children aged less than 5 years. In our institution, cuffed tracheal tubes tend to be used for older, larger children.
However, this is also the age range when uncuffed tracheal tubes of larger diameters continue to have some advantages over cuffed tracheal tubes, and when age formulae are known to be least reliable. As a specialist paediatric referral centre, our population is not necessarily representative of the paediatric population as a whole, although children with known airway or finger abnormalities were not studied.
In conclusion, we propose that the formula:
middle finger length ðcmÞ ½round up to nearest 0:5 ¼ internal diameter of uncuffed tracheal tube ðmmÞ may be an improvement compared with age formulae for selecting uncuffed tracheal tubes in children. 
